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Aims

1. Todeermine under what conditions and with what frequency recombination occursin transgenic
plants, between the transgene MRNASs and defective viruses of increasing sequence dissmilarity;

2. Toexaminetheeffett of transgene MRNA levd on the recombination frequency;

3. To determine the frequency and Stes of recombination between two defective viruse of increesing
dissmilarity in ssquence, in norHrandormed plants

4. To compare these data with the frequency (and Stes) of recombination between a defective virus
and tranggene MRNAS

Reaults:

1. A vaidy of defective virusss were gengrated using drains of cucumber mosac virus (CMV),
showing 1-2%, 9%, or 25% differences in sequence from the vird transgene, as wel as a drain of
tomato agpermy virus (TAV), which differs by 35% in sequence from the CMV drains These viruses
were passaged in tranggenic plants under conditions where genetic complementation would occur, to
determine whether recombination occurred between the expressad transgene and the defective vird
RNAs, and with what frequency. In the case of the various CMV drains, the frequency of recovered
recombinants was very low (ca 1%), irrespective of the levd of sequence divergence from the
transgene (i.e, 1:2%, 9% or 25%). No recombinants were detected between TAV and the CMV
tranggene. The naure of the recombinants explained the unexpected obsarvations Recombinaion
occurred in the intergenic region between the genes encoding the movement protein and the capsd
pratan. This region contained highly conserved sequence dements and did not show the same levd of
sequence divergence as did the flanking sequence in the twio genes. In the case of TAV, there was not
the same degree of conservation of the sequence dements in the intergenic region. Thus it is nat the
ovedl squence gmilaity that dictates the frequency of recombingtion, but rather the sequence
gmilarity in gpedfic regions that are the "hot gpots' for recombination. Also, recombination occurred
even though the transgene did not contain the vird 3' end non-trandated region.

2. Different transgenic lines expressing different levds of the transgene did not show any Sgnificant
difference in recombination frequency. This might be expected, Snce recombingtion occurred from the
inoculated virus (donor sequence) to the transgene (recipient sequence), with the former in large excess
over thelatter. Thus, the kingtics of the reaction were effectively pseudo-first order. However, it should
be noted thet the differences in tranggene expression leve were 210 fold, and not 10-100 fold, as
might occur usng transgenes which have undergone post-transcriptiond gene Slencing.



3. When two defective vird RNAS were co-inoculaed to non-tranggenic plants, recombination
occurred rapidly and in mogt of the plants inoculated. As before, recombination did not occur between
a defective CMV RNA and a defective TAV RNA. Also, the dtes of recombingtion were amilar to
what was observed above, indicating that recombination was occurring by a smilar mechanism.
However, the high concentration of the two components involved in the recombinaion, plus the fact
that recombination could occur from ether partner as a donor, means tha completdy different
recombinaion kinglics are involved. Thus, the frequency of recombination occurring between
dysfunctiond viruses cannot be usad as a guide to the frequency of recombinaion likdy to occur
between a defective virus and a tranggene. By contradt, the aosence or very low frequency of
detectable recombination between defective, unrdated virus would indicate that recombination between
atranggene of one virus and an unrdaed virus would occur even less frequently. Thet is, in transgenic
plants, such recombination events would be lesslikely to occur by a least two orders of magnitude then
between two unrdated viruses

4. Given the difficulty of naturdly dbtaining a recombinant virus formed from two unrdaed virus [eg.
CMV and tobacco mosac virus (TMV)], we generated such an atifidd virus usng recombinant DNA
technology, and assessed this virus (T/CMV-1) for any competitive edge it might have over the parentd
viruses T/CMV-1 was unable to move locdly in cucurbit hogts or long-distance in tobacco. [TMV can
move cdl-to-cdl in its hods in the aisence of capdd protein (CP), but requires CP for rapid,
long-digance movemeant via the vascular system. T/CMV-1 conssted of TMV containing the CMV
CPin place of itsown] In Nicotiana benthamiana and N. clevelandii (spedes highly pamissve to
virus movement), T/CMV- 1 could move long-digance, but much more dowly than wildtype TMV,
indicating that the hybrid virus was moving cdl-to-cdl up the dem and nat via the vascular sysem.
Neverthdess, in the sysemicdly infected leaves, the levd of CMV CP was Smilar to thet produced by
wildtype CMV and CMV-like particles could be isolaed. The yidd of virus partides was about 10%
of that obtained from CMV-infected plants, and they were @ther poorly or not infectious, depending on
the preparation. In the former case, the preparations could aso be tranamitted by gphids (the vector of
CMV, but not TMV), dbet poorly and sporadicaly. Such patides contaned trace amounts of
full-length T/CMV-1 genomic RNA (6.5kb), whereasthe rest of the RNA encgpsdated wasin the Sze
range of the CMV RNAs (1-3.5kb). Thus even if the recombinant virus could be formed between
these two unrdaed viruses in such a way tha the entire CP of CMV was expressed from an intact
ubgenomic promoter on TMV, it would not have any sHective advantage over ather parentd virus
but rather, would be severdy debilitated, because of redricted virus movement and packaging
limitations of the CMV CP.

5. CP mutants were generated to determine how important an intact CP was for virus movement. One
mutant with a 15 amino add ddetion showed no dday in sydemic infection, but showed dtered
pathology. A sscond mutant with a 26 amino acid ddetion was nat able to ether form virus partides or
move long-distance in tobacco, but could move dowly long disance in N. clevdandii and N.
benthamiana, dthough again outsde the vascular sysem. The third mutant with virtualy the entire CP
gene ddeted was not adle to move even cdl-to-cdl in any hods tested. Thus, while the CP was
necessary for cdl-to-cdl movement, the daility to form virus partides was not necessary for odl-to-cell
movement, but was necessary for vascular-dependent, long-disance movement. These mutant viruses
were not used in recombination gudies with transgenic plants expressng the C\1V CP, to examine the



effect of different sdection pressures on the recombination frequency to regenerate a wildtype virus
gncetheonly transgenic plants availabole were pogt-transcriptiondly Slenced for CP

gene expresson. While the latter Stuation may more accuratdy have mimicked the Stuation in the fied,
it would not have dlowed an assessment of recombingtion frequendes to be made in the greenhouse
Thescde of inoculum preparation required to meke such an assessmant in the fidd would have been
cod prohibitive
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